How has the high-latitude solar wind velocity changed over the solar activity cycle? We analyzed interplanetary scintillation data during the years 1985-2001 (excluding the few years around solar maximum) and obtained the following results: (1) the solar wind in the polar region did not change its speed even during the phases of rising and declining solar activity, (2) the N-S asymmetry of the high-latitude solar wind speed is a stable structure from 1987 to 1998, (3) the latitudinal velocity gradient at high latitude becomes steeper with increasing solar activity.
INTRODUCTION
It is well known that the velocity structure of the solar wind changes drastically over the course of the solar cycle. In solar minimum, the solar wind is generally characterized by two velocity components (bimodal), fast and slow solar wind (Woch et al., 1997) . Ulysses found in its first rapid latitude scan that the high-latitude solar wind had a speed in range of 700-800 km/s and that there was a small but noticeable gradual increase of the solar wind toward higher latitudes. In the latitude scan the solar wind velocity at the northern high latitude was faster than that at the southern high latitude (Goldstein et.al.,1996) . As the solar activity increases the slow solar wind region extends to higher latitudes. Then fast solar wind region is greatly reduced in solar maximum (McComas et al., 2000) .
Ground-based interplanetary scintillation (IPS) observations provide valuable estimates of the threedimensional velocity structure of the inner heliosphere on a continuous basis. We use the interplanetary scintillation observations of natural radio sources obtained with the Solar-Terrestrial Environment Laboratory system at Nagoya University in Japan. In this work, we investigate the variation of the solar wind structure through solar cycle using IPS data.
IPS OBSERVATION
The IPS observations at a frequency of 327 MHz were obtained using four remote stations. Observations are obtained 8 hours a day from each station except during winter (mid-December to March) when heavy snow lies in the antenna reflector. Velocity maps are obtained in each Carrington rotation. The IPS observation is always affected by line-of-sight bias. To reduce this effect, we apply the computer-assisted tomography (CAT) technique (Kojima et al., 1998) .
Each V-map is obtained using IPS data for three solar rotations to improve image quality. We average over the longitudinal structure in this study because of our focus on the latitudinal variations. Figure 1 is stack map in years from 1985 to 2001. It is clearly seen that solar wind structure is bimodal except for a few years around solar maximum. In solar maximum, the equatorial slow wind region extends to higher latitudes and the area of the fast solar wind is greatly reduced.
SOLAR WIND STRUCTURE THROUGH THE SOLAR CYCLE
Velocity at the pole Figure 2 shows the variation of velocity of the fast solar wind around the north pole. We calculated a mean velocity for the latitude range of 80 AE -90 AE in the V-map derived using the CAT analysis. The CAT procedure sometimes underestimates the velocity around the poles because the data coverage (number of line-of-sight) around the pole is insufficient. To remove this effect, we corrected the mean velocity around the pole by model calculation. The mean velocity is 789¦68 km/s which agrees well with the velocity estimated by extrapolating the Ulysses observations to the polar region. Almost all data points scatter in the one σ (68 km/s) belt and there is no systematic velocity change with change in the area of high-speed flow.
N-S asymmetry
We compared the solar wind velocities between the northern and southern high latitudes (Fig. 3) . For this comparison we used mean velocity over the latitudes 70 AE -80 AE where the data coverage is better than the latitude range of 80 AE -90 AE . Then the mean velocity is averaged over each year. As a result, we found that the solar wind velocity at northern high latitudes is usually higher than that at southern high latitudes. Ulysses detected hemispherical differences of 13 km/s at a latitude of 8 0 AE (Goldstein et al., 1996) . Ulysses sampled a velocity along its trajectory in latitude and longitude, while our analyses were made by averaging velocities over all longitudes and in the latitude range 70 AE -80 AE . Figure 3 and Figure 1 (bin of 1991) also show that the recovery of the fast wind around the north pole precedes that around the south pole by several months after the 
Velocity gradient in the fast wind region
We analyzed the latitudinal velocity gradient of the fast solar wind (Fig. 4) . At high latitudes, there are several fine structures in the velocity map derived from the CAT analysis, such as a lower speed island and abnormally high-speed regions. In order to remove the lower speed island from the data set, we first checked the velocity distribution at each latitude along a meridian, and then search the mode of the velocity of high-speed wind. As a result, the velocity gradient is low at the solar mini- mum and increases with solar activity.
SUMMARY
We analyzed the variation of the high-latitude solar wind structure through the solar cycle (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) . The solar wind structure derived from IPS observations, when augmented with the successful CAT technique, agrees well with Ulysses measurements.
Analysis method used in this study is not applicable during solar maximum because the solar wind structure becomes quite complex in this period. First results of a study relating to solar maximum are reported in Fujiki et al. (2002) .
First results of a study relating to solar maximum are reported in Fujiki et al.(2002) .
